Although soil physical attributes are determining factors of soil quality and for root development of crops, they are often neglected when dealing with soil management, which refers only to fertility. The objective of this work was to evaluate soil physical characteristics, organic carbon content and carbon stock levels in yellow Latosol cohesive distrophic coastal plains of Bahia, Brazil, where different soil management systems were implemented. Soil texture, water dispersible clay, flocculation index, soil density and porosity, liquid limit, plastic limit, plasticity index, stability of aggregates, organic carbon content and resistance to penetration were evaluated from soil samples collected in the 40 cm-top soil. The different soil plot covers consisted of (i) Eucalyptus with grasses (EGR), (ii) Eucalyptus with spontaneous vegetation (EVE), (iii) fallow (POU), (iv) pasture (PAS), and (v) native forest (MN). It was found that EVE and MN contributed to greater stability of larger aggregates in the 20-40 cm-soil layer compared to EGR, PAS and POU. The high organic matter contents of soils of the cultivated plots (EVE and EGR) increased the limits of consistency. Soil management systems with Eucalyptus and pasture contributed to accelerate the oxidation process and the loss of C.
Introduction
Inadequate management and intensive soil utilization promote degradation of soil physical properties, mainly due to modifications of its original structure, which impairs the formation of stable aggregates in the soil (Melo et al., 2008) , thus limiting crop productivity. The intensity with which these modifications occur depends on soil class, soil use and management systems employed (Centurion et al., 2001) , which when are inadequate may reduce crop productivity (Lourente et al., 2011) . In addition, they enhance a fast reduction of the organic matter contents in the soil (Xavier et al., 2006) , the main factor for aggregate's development and stabilization (Wendling et al., 2005) .
Soil aggregates are basic units of construction for soil structure, resulting from the interaction between minerals, polyvalent cations, organic matter, microorganisms, fragments and plant roots and clay minerals (Schjonning et al., 2007) . Soil aggregation controls internal water as well as air and heat movement, for this reason its distribution in size classes and its quantity and stability are important (i) to determine the quantity and distribution of porous spaces in the soil, (ii) in the evaluation of soil susceptibility to wind and water erosion, (iii) in monitoring soil management and conservation practices and (iv) in the evaluation of soil water storage capacity, among other factors (Conte et al., 2011) .
it is essential to promote a continuous input of organic residues to the soil (Queiroz et al., 2011) , which depends of many factors, among those are the soil use and management practices. found that the stabilization process of aggregates was intimately associated with the organic matter content. They concluded that the higher the content of organic matter in the soil, the higher was the stability of aggregates in the soil. With that in mind, it is expected that soil use and management systems which promote an increase of organic matter in the soil would also increase the stability of aggregates.
Coastal tablelands represent a vast food production area in the Brazilian Northeastern region. Unfortunately, the occurrence of cohesive horizons constitutes a problem for agricultural production in these areas. Inadequate management practices potentially modify soil structure; hence, the importance to study the impact of previous vegetation or soil use on its physical properties.
Thus, the present work had the objective to evaluate the physical attributes of a dystrophic cohesive yellow Latosol (Oxisol) and their correlations with the organic carbon (C) contents and C stock in areas under different management systems in the coastal tablelands' region of Bahia, Brazil.
Material and Methods
The study was performed at the Federal University of Recôncavo da Bahia (UFRB), Campus of Cruz das Almas, in the coastal tablelands, in the state of Bahia, Brazil. It was located in the latitude 39°06′26″S and longitude 12°40′39″W, at an altitude of 226 m. According to Köppen's classification the climate is hot and tropical humid. The soil is predominantly a yellow Latosol (Oxisol). Annual precipitation and mean annual temperature are 1200 mm and 24.5 °C, respectively.
The management systems evaluated were (i) native forest (MN), (ii) Eucalyptus with grasses (EGR), (iii) Eucalyptus with spontaneous vegetation (EVE), (iv) pasture with grazing (PAS) and (v) fallow area (previously under planted pasture, POU). For each system, soil samples were collected at each of 0.0-10; 10-20 and 20-40 cm-depths, with four replicates. Samples were collected in August 2014 from transects established in each selected area, which were equidistantly distributed. For each transect four sampling points were defined. Samples were conditioned in plastic bags and then transported to the laboratory where they were air-dried, sieved through a 2.0 mm-mesh and air-dried fine soils (TFSA) obtained.
Soil texture, water dispersible clay, flocculation index, soil density were determined by volumetric ring method, particle density by volumetric method. Total volume of pores was the ratio of soil density over particle density (EMBRAPA, 2011) .
To determine the stability of aggregates, 50 g of soil samples sieved through a 7.93 mm mesh and retained in 2 mm mesh were weighted in triplicate. One sample was used to determine the humidity in an oven. The humidity was the difference between the sample weight before drying minus the weight of the dried sample. Initially, samples were saturated for 4 minutes in filter paper over moistened sponges. Then, they were transferred to a sieve set with 2.0, 1.0, 0.50, and 0.25 mm mesh and agitated in a vertical oscillation machine with 32 oscillations per minute and amplitude of 4.0 cm height for four minutes. Samples retained in each sieve were transferred into appropriate containers, put to dry in an oven at 105 °C for 12 hours, and weighted (Donagema et al., 2011) .
The liquid limit (LL) was determined according EMBRAPA (2011) , as a function of the content of humidity of a soil in the changing limit between the stages of liquid to plastic state, using the energy of shearing resistance given by the equation:
(1) Where, LL = liquid limit; WN = percentage of humidity corresponding to N drops; N = number of drops.
The plastic limit (LP), which evaluates the content of humidity in the soil in the changing limit between the stages of plastic to semi-solid state, was determined according EMBRAPA (2011) . From the values of LL and LP, the index of plasticity (IP) was calculated according to EMBRAPA (2011) by a simple arithmetic:
The soil mechanical resistance to root penetration (RP) was determined in transects system, with 10 random replicates. Simultaneously, soil disturbed samples were collected to determine humidity at a depth of 0-10, 10-20 and 20-40 cm in the transect. RP was determined using an impact penetrometer-model IAA/Planalsucar, Embrapa Agropecuária Oeste, Brasil; the impact mass of 4 kg had a free fall of 0.40 m, with a total of 10 replicates. The data obtained from the penetration of the rod of the apparatus in the soil (cm/impact) were transformed to dynamic resistance to penetration (MPa) using the formula developed by Stolf (1991) :
Where, R is the penetration resistance in kgf cm -2 (kgf cm -2 × 0.0981 = MPa); M is the mass of the plunger (4.0 kg), Pa corresponds to 4.0 kgf; m is the mass of the apparatus without the plunger (3.2 kg); h is the fall height of the plunger (040 cm); x is the penetration of the apparatus rod (cm/impact); A is the area of the cone (1.29 cm 2 ); and g is the acceleration of gravity. For each area and soil depth, disturbed samples were collected to determine the humidity.
Conversion of RP ìn kgf cm -2 to Mpa was made using Stolf's (1991) equation:
Obtaining results in kgf cm -2 and then multiplying them by a constant 0.0981.
The total organic carbon content of the soil (COT) was obtained by humid oxidation, using a solution of potassium dichromate in acidic medium, with an external source of heat (Yeomans & Bremner, 1988) . From the values of soil density and COT, the carbon stock values were calculated for each depth and for each soil management system, using the following formula: EstC = C or N content (g kg -1
) × ds × e, where, ds = soil density (kg dm -3
) and e = soil layer thickness (cm) (Freixo et al., 2002) . Was calculated Pearson correlation coefficient (r) between the liquid limit, plastic limit and plasticity index with the organic matter content. Table 1 shows the granulometric characterization of the yellow Latosol according to the soil depth. The management systems EGR, EVE and POU, in the the 0-10 cm-soil layer, showed lower values of water dispersible clay (12 g kg -1 each) (Table 2) , which consequently contributed to increase the flocculation index (94 against 90 for PAS and MN). At 10-20 cm depth, a higher value of water dispersible clay is observed for POU, followed by EVE and the lowest values for EGR, PAS and MN. In the case of these three last treatments, higher values of flocculation index are observed, followed by EVE and POU, respectively. At a 20-40 cm depth, it was verified that MN showed the highest water dispersible clay value and the lowest flocculation index. Treatments EGR, EVE, POU and PAS did not show differences. These values illustrate the structural quality of the soil, showing its resistance to water erosion, where the higher the water dispersible clay value, the more susceptible the soil to erosion and the inverse occurring in the case of the flocculation index (Souza et al., 2004) . Table 1 . Granulometric composition of the topsoil of the coastal tableland region -10 cm  444  352  203  10-20 cm  612  273  144  20-40 cm  565  292  142 Regarding soil density, lower values were verified in areas planted with (EGR and EVE) and native forest (MN) (indicate the range of the values) ( Table 2) , independently of the soil depth. In these management systems higher values of total pore volume were also observed, which resulted in better structural quality of the soils, probably due to a higher content of organic matter derived from fallen leaves and branches. They have contributed to improving soils physical, chemical and/or biological attributes. An analysis of variance (ANOVA) done for each of the parameters measured and their mean values compared by Tukey test at 5% probability using Assistat 7.7 Beta software (Silva, 2008 (1) Means followed by the same letter do not significantly differ.
Results and Discussion
An improvement of the soil structure in areas with Eucalyptus was also assessed when analyzing data on aggregates' sizes distribution by class and mean weight-diameter of Soil Aggregates among management systems. Results showed a higher quantity of aggregates of high dimensions (7.93-2.0 mm) in EGR, EVE and MN areas, especially in the 0-10 cm-layer. In this layer, a higher value for aggregates and higher mean weight-diameter were also observed in PAS areas, preserving the same behavior in the 10-20 cm layer, with the exception of EGR and POU. These results demonstrated that although areas planted with Eucalyptus were superior when compared to areas under pastures, such effect is more prominent when spontaneous vegetation is preserved in the areas, when compared to areas planted with grasses. The 0-10 cm-layer concentrated more organic matter, which according to Kiehl (1979) , promotes an intense activity of microorganisms, which act as aggregation agents of particles, due to mycelia or viscose substances produced, forming aggregates with higher stability to erosion.
A reduction of values for aggregates of 2.0-1.0, 1.0-0.5, 0.5-0.25, and < 0.25 mm for all management systems was searched. POU obtained the highest mean value for 7.93-2.0 mm aggregates. EGR, EVE, PAS and MN recorded significant reduction of values for smaller size aggregates, which was expected due to the higher value of aggregates bigger than 2 mm diameter.
Values of mean weight-diameter (Table 2) were statistically higher for management systems with Eucalyptus (EGR and EVE) and MN at 0-10 cm depth; EVE, PAS and MN at 10-20 cm and EVE and MN at 20-40 cm depth, due to the higher value of aggregates of bigger size (7.93-2.0 mm). PAS showed an intermediary value, not differing form EGR, while POU showed the lowest valued for mean weight-diameter, due to the lower value of aggregates bigger than 2.0 mm and a high proportion of aggregates of < 0.25-2 mm, resulting from a lower organic matter content.
In the 10-20 cm-soil layer, management systems EVE, PAS and MN showed highest values of aggregates of more than 2.0 mm diameter, followed by EGR and POU (Table 2) , which is related to the organic matter content. In POU there was a reduction of aggregates values, majority being of sizes 2.0-1.0, 1.0-0.5, and < 0.25 mm, jas.ccsenet.org Vol. 10, No. 6; 2018 which also occurred in EGR, where a significant concentration of aggregates of 0.5-0.25 and > 0.25 mm, was observed. In EVE, PAS and MN there were higher organic matter contents, which provided higher quantities of aggregates bigger than 2 mm and reduced values for aggregates of 2-1, 1-0.5, 0.5-0.25 and < 0.25 mm, supporting results observed by , who concluded that the process of aggregate stabilization was associated with the organic matter content.
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Mean weight-diameter were high in EVE, PAS and MN due to the concentration of higher values of bigger size aggregates (7.93-2.0 mm but did not differ statistically). Reductions of values of mean weight diameter were observed in treatments EGR and POU, being statistically identical, due to the reduction of bigger sized aggregates' values. These results evidence that treatments EVE, PAS and MN were more efficient to deposit organic matter in the 10-20 cm soil layer (Table 4) , which may be attributed to the release of organic compounds by roots and/or the soil fauna agreeing with results of AratanI et al. (2009), and Bonini and Alves (2011) that studying the quality of soil under different systems of use and management, verified that native forest area presented better quality of the soil, when compared to the areas submitted to antropic action.
In the 20-40 cm-soil layer, EVE and MN showed highest values for 7.93-2.0 mm aggregates (759.4 and 723.6 g kg -1 respectively), followed by EGR (523.6 g kg -1
) and PAS (576.6 g kg -1
) with intermediate values and POU (311.6 g kg -1 ), which showed the lowest value for aggregates of bigger size. Such a behavior among management systems was intimately related to organic matter contents.
In aggregates of smaller sizes (2-1, 1-0.5, 0.5-0.25, and < 0.25 mm), POU showed higher values, once this treatment showed lower value of bigger size aggregates (7.93-2.0 mm). In the remaining treatments (EGR, EVE, PAS and MN), as they showed higher quantity of bigger size aggregates (7.93-2.0 mm), there was a reduction in the quantity of smaller size aggregates, evidencing better structural soil conditions, as also verified through the mean weight diameter values.
The values for liquid limit, plastic limit and plasticity index are showed in Table 3 . In the 0-10 cm soil layer the liquid limit showed the highest value in MN (give the value), however not differing from treatments EGR, EVE and POU. Treatment PAS, although showing the lowest value (give the value), did not differ from EGR, EVE and POU. Contrarily to the results observed for liquid limit, no difference was verified between values of plastic limit, however, while evaluating values for plasticity index it was found that the highest values were recorded in EVE and MN, management systems that also showed higher values of organic matter (Table 4) . These results are in agreement with Braida et al. (2006) , who worked on the importance of organic matter in the definition of values for consistency limits for cultivated soils, due to its higher specific surface which promotes higher water holding capability. Lower values of plasticity index were observed for management systems EGR, POU and PAS.
In the 10-20 cm-soil layer, the liquid limit showed higher value for MN, as a result of the higher content of organic matter, followed by EGR, PAS, EVE and POU with the lowest value. For plastic limit and due to the higher content of organic matter, treatment MN showed the highest value, followed by EGR, PAS, EVE and POU, corroborating results from Silva et al. (2006) , whom mentioned that increments of organic matter contents tended to increase the plastic limit. For plasticity index, treatments EVE and MN showed higher values (24 and 23, respectively); EGR (14) and POU (16) intermediary values and PAS the lowest value (04). Plasticity index is greatly influenced by the organic matter content. In fact, the higher the organic matter content in the soil, the higher the plasticity index tends to be ).
In the 20-40 cm-soil layer, higher values of liquid limit are observed for EGR and MN, followed by EVE and PAS, which are not statistically different. The lowest value was observed in POU, which also did not differ statistically from PAS. For plastic limit, treatment EGR showed the highest value, not differing statistically from PAS, and followed by EVE, POU and MN, which also did not differ statistically from PAS. The plasticity index in this layer showed higher values in MN and EVE, treatments which also showed higher values of organic matter. Treatment EGR showed an intermediary value for plasticity index and organic matter and treatments PAS and POU showed lower values, with no statistical difference among them.
In the correlation between the liquid limit, plastic limit and plasticity index with the organic matter contents (Table 3) , positive values for organic matter are verified for all variables studied, a fact that corroborates data obtained by Silva et al. (2006) , and . Table 3 . Liquid limit (LL), plastic limit (LP), plasticity index (IP) and coefficient of correlation with organic matter (MO) in dystrophic cohesive Yellow Latosol under different management systems (1) Means followed by the same letter do not significantly differ at 5% probability by the Tukey test. ** r significant at 1% probability. MO: organic matter.
For RP, values above the critical limit of 2 MPa were recorded (Figure 1a ), starting at a soil depth of 10 cm indicating that these soils were compacted throughout the whole profile (0-40 cm).
The prominent RP (2.55 MPa) in the top layer of MN may be associated to a strong cohesion, (Figure 1 ), typical for yellow Latosols from the coastal tablelands region. In the EVE and PAS areas compaction could have been due to cattle treading which increased soil density. POU presented higher RP in the depths of 20-30 cm, reaching 5 MPa, this soil was characterized by a degraded area with grass as soil cover. Amongst treatments, soil humidity varied from 4.0 to 5.2% for EGR; 5.9 to 6.0% for EVE; 6.1 to 8.5% for PAS; 4.5 to 8.8% for POU and 6.9 to 8.9% for MN, that is to say, it varied in a relatively homogeneous manner in deepness between treatments. The values of COT ranged from 5.69 to 38.22 g kg -1 (Table 4 ). There was a significant difference between the treatments when compared to the control treatment, MN, with the exception of the EVE treatment, which statistically did not differ from the MN, however, differed from the EGR, which can be explained by the greater diversity of plant species than in EVE. No variation in the total organic carbon content was verified in depth, except for EVE. However, reduction trends in total organic carbon content are present in all other treatments. Note. * Means followed by the same capital letter in the row and small letter in the column do not significantly differ at 5% probability.
Values of carbon stock enable the analysis of the soil as a CO 2 reservoir. In this sense, all treatments demonstrated a higher tendency of carbon storage in the 20-40 cm soil layer (Figure 2 ), due to a higher thickness of the layer. Independently of the depth, treatments MN and EVE constituted the systems which showed the higher values of carbon storage. Neves et al. (2004), and Rangel and Silva (2007) also observed that native forest and Eucalyptus-bearing soils have a higher carbon storage capacity in depth, when compared to pasture areas. This effect has been attributed to a greater input of residues in the soil surface, due to barks, leaves and branches from Eucalyptus and due to a great deepening of the radicular system. A well distributed carbon along the evaluated soil layers was also noticed (Table 4) , which may be attributed, according Gatto et al. (2010) , to the soil class (Latosols), usually profound and well-drained soils, facts that facilitate radicular growth and consequently carbon distribution in deepness. Another variable which reveals important information about the carbon in cultivated soil was the variation of these when compared to MN (Rangel & Silva, 2007) . It allowed detecting a storage or a release of C-CO 2 to the atmosphere by the management systems. In the present study was found that all management systems, except EVE, induced a reduction of the carbon stock in the 0-0.10 cm-layer (Figure 3) , when compared to MN. This fact, according to Rangel and Silva (2007) , revealed that these systems were more vulnerable and could experience oxidation of carbon in the soil surface, henceshowing that MN had an important role in carbon sequestration (Neves et al., 2004) . In the 10-20 cm layer, a tendency of higher carbon gathering was noticed among soil management systems. 
Conclusion
The management systems involving Eucalyptus with spontaneous vegetation and native forest contributed to the stability of large aggregates in the 20-40 cm-layer, when compared pasture with animal grazing and fallow as well. In all management systems, the mean weight diameter value was proportional to the organic carbon content. The rise of organic matter content of the soil in cultivated areas (EGR, EVE) increased the consistency limits, supported by a positive correlation between means of soil consistency and organic matter content. Soil management systems with Eucalyptus and pasture contributed to accelerate the oxidation process and carbon loss, and behaved like C-CO 2 emitters when compared to native forest areas.
